Cross-sectional studies have suggested that food insecurity leads to obesity in women. The objective of this longitudinal study was to determine whether changes in women's food security status were associated with changes in their body weight. In 20 large U.S. cities, 1707 mothers of preschool children were followed for 2 y. At baseline (2001)(2002)(2003) and followup (2003-2005), women's height and weight were measured and food security status was assessed with the US Household Food Security Survey Module. Those with no positive responses on the food security items were considered fully food secure and those with any positive responses were considered not fully food secure. Seventy-one percent were unmarried and 45% had incomes below the U.S. poverty threshold. At baseline, 41% were obese (BMI $30 kg/m 2 ) and 31% were not food secure. After adjusting for sociodemographic characteristics and baseline BMI, there were no significant differences in 2-y weight increases between 4 groups that differed in food security status: food secure at both time points (n ¼ 1000), 1.7 kg (95% CI ¼ 1.1-2.3); food secure at baseline, but not at follow-up (n ¼ 183), 2.1 kg (95% CI ¼ 0.7-3.5); not food secure at either time point (n ¼ 257), 1.7 kg (95% CI ¼ 0.5-2.9); and not food secure at baseline but food secure at follow-up (n ¼ 267), 1.9 kg (95% CI ¼ 0.7-3.0). In this population of urban women, changes in food security status over 2 y were not significantly associated with changes in weight. These findings do not support a causal association between food insecurity and obesity.
Introduction
Several studies have shown that women who are food insecure, reporting a limited or uncertain availability of nutritionally adequate and safe food due to economic constraints (1) , are more likely to be obese than those who are food secure (2) (3) (4) (5) (6) . From the perspective of public health and public policy, it is important to understand whether being food insecure causes adults to gain more weight than they would if they were food secure. If food insecurity leads to obesity, then federal food assistance programs intended to help individuals remain food secure might help prevent obesity.
Several mechanisms have been advanced to explain how food insecurity might lead to obesity (7) . For example, food insecurity could cause individuals to increase their consumption of inexpensive foods that are high in energy density (8) or to overeat in the face of an unpredictable food supply (9, 10) . Despite the plausibility of these mechanisms, there are no data establishing a causal association between food insecurity and obesity. Most studies of the association between food insecurity and adult obesity have been cross sectional. To our knowledge, the only longitudinal study examined changes in self-reported body weight rather than measured body weight (11) . Short of an experimental or quasi-experimental study that alters food security status in an effectively random fashion, the strongest research design to determine whether food insecurity causes excess weight gain is a longitudinal study that measures both food security status and weight at 2 or more time points and examines the association between changes in food security status and changes in weight.
Using data from a longitudinal cohort study of women living in 20 large U.S. cities, we analyzed the relationship between changes in food security and changes in weight over a 2-y period. Our primary hypothesis was that among women who were food secure at baseline, those who were no longer food secure at follow-up would gain more weight than those who remained food secure. Our secondary hypothesis was that among those who were not food secure at baseline, those who became food secure would gain less weight than those who were still not food secure at follow-up.
Methods
Study design and sample. The Fragile Families and Child Wellbeing Study is a birth cohort study. The study design has been previously described in detail (12) and it is briefly summarized here. Between 1998 and 2000, births were randomly selected in 75 birth hospitals, which were located across 20 U.S. cities, each with a population of over 200,000 people. Nonmarital births (so called ''fragile families'') were oversampled relative to marital births. A mother was ineligible if she was too ill after delivery, if she did not speak English or Spanish, or if her child was being adopted. In addition, most birth hospitals did not allow women ,18 y of age to participate. Among eligible women, 82% of those married and 87% of those unmarried agreed to participate. The institutional review boards at all birth hospitals, as well as those at Princeton and Columbia Universities, approved the data collection procedures. After complete description of the study to the women, written informed consent was obtained.
Women were surveyed in person shortly after delivery and were surveyed by phone ;1, 3, and 5 y later. At 3 and 5 y, an in-home assessment was also attempted for the entire cohort. Of the 4898 women in the original cohort, 1751 agreed to participate in the in-home assessments at both 3 and 5 y and had their height and weight measured. This report uses data collected on these women at 3 and 5 y to examine the relationship between changes in food security status and changes in weight over this 2-y period. Hereafter, we refer to the data from y 3 and 5 as ''baseline'' and ''follow-up,'' respectively.
Height and weight. Subjects were measured while wearing light clothing and no shoes. Weight was obtained with an electronic scale (SECA 840 Bella Digital Scale) and height was obtained with a portable stadiometer (SECA 214 Road Rod Stadiometer). All subjects were weighed unless they were pregnant, exceeded the scale limit of 140 kg, or were unwilling to be weighed. In each of these situations, the woman was asked to report her current weight or to report her prepregnant weight if she was pregnant. At baseline and follow-up, 122 (7.0%) and 97 (5.5%) women, respectively, were pregnant and an additional 164 (9.4%) and 104 (5.9%) women, respectively, reported their weight rather than being measured. In the baseline assessment in 2 of the 20 cities, heights were reported rather than measured, but in all other assessments, heights were measured. Those who were unwilling to have their height measured at either assessment were asked to report their height.
From these measurements, we calculated BMI (kg/m 2 ), and those with a BMI $30 were classified as obese. The height used in each BMI calculation was the mean of the available heights from the 2 assessments, but the measured height was used if it was only available from 1 assessment. For 46 (2.6%) of the 1751 women, the reported height rather than the measured height was used to calculate BMI.
Food security. Subjects completed the U.S. Household Food Security Survey Module at baseline and follow-up (13) . This instrument was developed, refined, and validated during more than a decade of research (14) . Our measure of food security was based on the 10 household-and adult-referenced questions in the module (Supplemental Table 1 ). We did not include the 8 child-referenced questions in the module, because our study was focused on the mother's experience of household food insecurity and how it might affect her body weight.
The 10 items ask about the prior 12 mo and assess food security along a continuum by asking about a range of conditions and behaviors experienced when the quality or amount of available food is constrained due to lack of money or other resources. We computed the number of positive responses, the total number of food insecure conditions reported, using previously described procedures to score item responses as positive and to code any missing responses (13) . The term ''fully food secure'' is customarily used to refer to those with no positive items. For ease of presentation, we refer to these individuals as ''food secure'' and refer to those with any positive items as ''not food secure.'' Following other published studies (15) (16) (17) , in some analyses, we further classify those who were not food secure into 2 groups: ''marginally food secure'' (1 or 2 positive responses) and ''food insecure'' (3 or more positive responses). This 3-level classification was used to facilitate comparisons between our data and those previously published by others. . All covariates were related to obesity at P , 0.001, except for relationship status, P ¼ 0.04; material hardship, P ¼ 0.07; and employment, P ¼ 0.04. Chi-square tests were used to assess these bivariate comparisons. 3 Percentages add to 100% for each sociodemographic characteristic, allowing for rounding errors. 4 Mother reported in the past 12 mo that she either was evicted because she could not pay rent/mortgage or had gas/electric/oil shut off because she could not pay the bill. Food security and weight change in women 2135
Covariates. From the baseline data, we selected 7 sociodemographic covariates that were potentially associated with both the key exposure (food security) and the key outcome (weight) and that might, therefore, act as confounders in our analysis. The income:poverty ratio was calculated as the household income divided by the income at the federal poverty threshold for the year of the income report and the household size. In addition, we used data on race/ethnicity, education level, relationship/marital status, number of children, and months of employment in the prior year. Finally, women were considered to have experienced material hardship (other than food insecurity) during the preceding 12 mo if, due to lack of money, they had been evicted from their home or apartment, had service turned off by the gas or electric company, or had been refused the delivery of heating oil.
Statistical analysis. The final analytic sample contained 1707 subjects. Of the 1751 subjects who had BMI measured at baseline and follow-up, we excluded 36 who were missing data on food security status at 1 or both time points and an additional 8 who were missing data on 1 or more of the 7 covariates. Using sociodemographic data from the survey conducted at the time of delivery, we compared the characteristics of the 1707 women who are the focus of this study to the other 3191 women in the original cohort. Chi-square tests and t tests were used for these comparisons.
In our analysis, we first described the BMI levels and food security status of our sample and, using chi-square tests, examined the relationship of these variables at baseline to our sociodemographic covariates. To make our analyses comparable to those conducted in other studies, we used chi-square tests to examine the cross-sectional association between food security status and obesity at baseline as well as the longitudinal association of food security status at baseline and obesity at follow-up. To adjust these associations for our sociodemographic covariates, we used logistic regression models with obesity as the dependent variable.
We examined the outcome of weight change using 3 categorical variables. One outcome variable consisted of 4 categories of weight change: loss ($22.0 kg), stable (21.9 to 1.9 kg), moderate gain (2.0-4.9 kg), and large gain ($5.0 kg). In addition, we examined 2 binary outcome variables, weight gain of $5 kg and weight gain of $2 kg. Prior research has shown that weight gain at these levels is associated with clinically meaningful changes in metabolic parameters, such as blood pressure or blood glucose, which are related to obesity (18) (19) (20) . Using chi-square tests, we examined changes in weight over 2 y by baseline food security status and BMI.
To assess change in food security status between baseline and followup, subjects were placed into 1 of the following 4 groups: 1) food secure at both times; 2) food secure at baseline but not at follow-up; 3) not food secure at either time; and 4) not food secure at baseline but food secure at follow-up. Our hypotheses involved 2 types of comparisons: between groups 1 and 2 (hypothesizing greater weight gain in group 2) and between groups 3 and 4 (hypothesizing less weight gain in group 4).
We used chi-square tests to compare the distribution of weight change between those who changed food security status and those who did not (between subjects in groups 1 and 2 and between subjects in groups 3 and 4). Then, using logistic regressions models with weight gain $5 kg as the dependent variable, we compared the risk of this outcome for those who changed food security status to those who did not, while adjusting for baseline BMI and sociodemographic covariates. We repeated these models using weight gain $2 kg as the dependent variable and again excluding cases for which height and weight were reported rather than measured. Finally, we used linear regression models to compare the mean weight changes between the 4 groups, while adjusting for covariates.
Statistical analyses were conducted using SPSS v 15 and STATA v 8. P-values smaller than 0.05 were considered significant and the sample means were presented with SD.
Results
We compared the sociodemographic characteristics at delivery for the 1707 women in our study to the remaining 3191women in the original cohort. Household income (income:poverty ratio 2.15 vs. 2.26; P ¼ 0.11) and education (high school education or less, 68 vs. 71%; P ¼ 0.06) did not differ. However, the racial/ ethnic composition of the mothers did differ (non-Hispanic white, 20 vs. 22%; non-Hispanic black, 54 vs. 44%; Hispanic, 24 vs. 29%; other race/ethnicity, 3 vs. 5%; P ¼ 0.001) and those in our study were less likely to be married (21 vs. 26%; P ¼ 0.001).
The prevalence of obesity was 41 and 45% at baseline and follow-up, respectively, whereas 31 and 26% of women had at least 1 positive response to the 10 food security questions ( Table  1) . The mean weight change in the 2 y between baseline and follow-up was 1.8 kg 6 9.9 kg, with 47% gaining $2 kg and 29% gaining $5 kg. Of the 1183 women who were food secure at baseline, 183 (15.5%) were no longer food secure at followup, and of 524 women who were not food secure at baseline, 267 (51%) were food secure at follow-up.
Over one-half of the women were non-Hispanic black and almost one-fourth were Hispanic (any race) ( Table 2) . At baseline, 45% of mothers were living in households with incomes below the poverty threshold, 28% had not finished high school, and over 70% were unmarried ( Table 2 ). All 7 of the covariates were significantly associated with baseline food security and all but 1 was significantly associated with baseline obesity (Table 2) .
There was a significant association between food security status at baseline and obesity at both baseline and follow-up ( Table 3 ). The major difference in obesity by food security status was the higher prevalence of obesity in those who reported any positive responses on the food security questions compared with those who were food secure. After adjusting for covariates, however, these associations were weaker and no longer significant (Table 3 ). In these logistic regression models for obesity at baseline and at follow-up, the food security variables were not significant when considered individually or jointly.
Baseline food security status was not significantly associated with change in weight over the 2-y period of follow-up (P ¼ 0.51) ( Table 4) . Across the 3 categories of baseline food security status (food secure, marginally food secure, and food insecure), the percentage of women gaining $2 kg was 46, 52, and 47% (P ¼ 0.16), respectively, and the percentage of women gaining $5 kg was 28, 32, and 28% (P ¼ 0.35), respectively. Weight gains of these 3 groups were: 1.8 6 9.9 kg, 1.8 6 9.6 kg, and 1.6 6 10.5 kg (P ¼ 0.97), respectively. Weight change was significantly related to baseline BMI (Table 4) , with the obese gaining less weight than the nonobese (0.1 6 11.9 vs. 2.9 6 8.1 kg; P , 0.001).
Change in food security status was also not significantly related to change in weight ( Table 5) . Among those who were food secure at baseline, the mean weight gain did not differ between those who were not food secure at follow-up and those who remained food secure (2.1 6 10.0 kg vs. 1.7 6 9.9 kg; P ¼ 0.66). Among those who were not food secure at baseline, the mean weight gain did not differ between those who became food secure and those who were still not food secure at followup (1.8 6 9.4 kg vs. 1.7 6 10.6 kg; P ¼ 0.87). The odds of gaining $5 kg were not significantly different for those who changed food security status and those who did not ( Table 6 ). In logistic regression models, these OR were not meaningfully changed with the addition of baseline BMI or the sociodemographic covariates (Table 6 ). These logistic regression models still showed no significant association between change in food security status and change in weight when we (1) used an outcome of gaining $2 kg or (2) excluded all cases for which height and weight were reported rather than measured (data not shown).
Finally, we examined weight change as a continuous outcome measure using linear regression models to estimate the mean weight change (kg) while adjusting for baseline BMI and the other sociodemographic characteristics. Mean weight change did not differ across the following 4 groups (comparing across the groups and by pairs): 1) food secure at both times, 1.7 kg (95% CI ¼ 1.1-2.3 kg); 2) food secure at baseline but not at follow-up, 2.1 kg (95% CI ¼ 0.7-3.5); 3) not food secure at either time, 1.7 kg (95% CI ¼ 0.5-2.9); and 4) not food secure at baseline but food secure at follow-up, 1.9 kg (95% CI ¼ 0.7-3.0).
Discussion
Summary of main findings. In a sample of over 1700 women from 20 large U.S. cities in 15 states, we found that changes in food security status over a 2-y interval were not significantly associated with changes in body weight over that period. For example, those who were food secure at baseline but not at follow-up were not significantly more likely to have gained $5 kg than those who remained food secure. Although baseline food security status was associated with obesity at baseline and obesity at follow-up, these associations were no longer significant after controlling for sociodemographic factors.
Comparison with prior studies. Several cross-sectional studies have found that obesity is more common in women who report food insecurity or insufficiency than in those who do not (2-6). However, some studies have not found this association in women (21, 22) and some that have found it in women did not find it in men (4, 6) . We did find an association between baseline food security status and obesity that was of similar magnitude to that found by others (2, 4, 5) , suggesting at least some similarities between our study population and those in other studies. As in the study of Laraia et al. (21), however, our cross-sectional findings were weaker and no longer significant after adjustment for a number of sociodemographic covariates. To our knowledge, this is only the second longitudinal study in women to examine the relationship between changes in both food security status and body weight. Using nationally representative data on 5303 women 18-74 y of age, Jones and Frongillo (11) examined changes in food security status and changes in selfreported weight over a 2-y period (1999) (2000) (2001) . Like us, they found no difference in weight gain between those women who remained food secure and those who were food secure at baseline but not at follow-up. In a separate report using the same data, they also showed that food security status at baseline was not associated with any increased risk of gaining .2.3 kg (23) .
Using data from the NHANES (1999-2002), Wilde and Peterman (6) found that women (but not men) who reported being marginally food secure during the prior 12 mo had an increased risk of gaining $4.54 kg (10 pounds) over that time period compared with those who reported being fully food secure (OR 1.68, 95% CI ¼ 1.21-1.23). The different study populations may explain why our results differ. In addition, the data in their study was obtained for each subject at 1 assessment and the authors computed weight gain as the difference between the subjects' current self-reported weight and the weight they recalled being 12 mo earlier.
Limitations. Although our sample was drawn from 15 states, it was limited to women living in large cities and, by design, many were unwed mothers. Thus, our findings are not meant to apply to all U.S. women. The study involved only about one-third of the mothers from the original birth sample. Those we studied were slightly more socioeconomically disadvantaged than the remainder of the cohort and we cannot determine how these differences might have influenced our findings about the relationship between food security and weight change. We cannot exclude the possibility of some selection bias.
Although we did not find significant associations between weight gain over 2 y and either baseline food security status or change in food security status, our sample may have been too small to detect group differences that might be regarded by some as meaningful from a policy or clinical perspective. In addition, our sample was too small to determine whether the relationship between changes in food security status and changes in weight differed by certain characteristics, such as income or baseline obesity status. Finally, height and/or weight were self-reported in some subjects, but our results were unchanged when we excluded these subjects from our analysis.
Interpretation and implications. Our findings are not consistent with the idea that food insecurity is a cause of excessive weight gain and obesity and the findings were the same with different analytic approaches, such as using continuous or categorical measures of weight change and excluding cases with selfreported weight. However, there are a few potential reasons that we could have missed a true association between changes in food security and changes in weight. Although food security status and obesity can be assessed in individuals at any given time point, individuals develop and experience these conditions over time and their association cannot necessarily be elucidated in a study in which each is measured at only 2 points in time. Obesity is a chronic condition, which develops over a period of months to years and food insecurity can be episodic or chronic. There may be a long lag in the effects of food security on obesity.
Although we used the standard measure of food security, it has known limitations (24). In our study, women reported on food security during a 12-mo period before each BMI assessment and the possibility exists that important variation in food security status between and within individuals was not captured by this method. It is possible, for example, that food insecurity leads to weight change only when it is experienced for a long duration and that some of the women in our study that had a reduction in food security only experienced this reduction for 1 y or less before their follow-up BMI measurement.
Finally, it is possible that food insecurity promotes excess weight gain only in some individuals. For example, the factors favoring this association in women more than men are not known. Among women, there may be factors, such as the disposition toward binge eating, which place some women at greater risk for gaining weight in the setting of food insecurity.
In conclusion, our longitudinal study of urban women does not suggest that food insecurity causes excess weight gain. Future studies examining the relationship between food insecurity and obesity should be longitudinal, with multiple measures of both food security status and weight, or they should be experimental or quasi-experimental in design.
